
 These slides/notes represent only part of the course, and were 
accompanied by face-to-face explanations on white-board and 
additional topics / learning materials.

 In preparation of these slides I have also benefited from various 
books and online material.  

 Some of the slides contain animations which may not be visible 
in pdf version.

 Corrections, comments, feedback may be sent to 
https://www.linkedin.com/in/naveedrazzaqbutt/

https://www.linkedin.com/in/naveedrazzaqbutt/
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Introductions …

• Me

• You

• The Course



GIK Institute

BS in Engineering Sciences

[1998 - 2002]
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Automation Engineer [2002 - 2004]

Riyadh Water Transportation System's SCADA upgrade project
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MS Student/Staff 

[2004 - 2006]

MS in Systems Engineering 

Thesis in nonlinear modelling & control

Teaching (labs: DSP, Control) 

KFUPM
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LTH

• Positions: PhD Student/Staff, Postdoc, Research Associate

• PhD in Engineering (focus: Statistical Modelling & SP)

• Teaching + Research

[2006 - 2014]
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Ericsson Research

• Senior Researcher

• Research + Patenting 

• Next Generation WiFi & 5G

[2014 - 2018]
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Jouf University [2018…]

Assistant Professor

College of Engineering 
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Badminton, Bowling

Weekend dinners

Reading, Writing (poetry, short stories)
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Roles

Teacher Researcher
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As a teacher

Full Courses SupervisionLabs & Tutorials

• Stochastic Processes

• Statistical DSP & 

Modelling

• Probabilistic Methods in 

Engineering

• Wave Propagation & 

Antennas

• Principles of 

Communications

• Digital Communications

• Satellite Communications

• Circuit Analysis II

• Time Series Analysis

• Signal Theory

• Advanced Control

• Modern Control 

Systems

• Digital Design

Supervised and 
collaborated in 
various grad and 
postgrad theses.
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As a researcher

Statistical 
Modelling of 

Signals & 
Systems

Spectroscopy
- Nuclear Quadrupole Resonance (NQR) signal 

detection
- Raman Signal Classification

Spectrum Estimation
- Missing Samples Cases
- Poly-spectra
- Coherence Spectra

Beamforming
- Radar & Sonar
- Pitch Estimation

Communications
- WiFi & 5G
- Antenna Arrays

Control
- Nonlinear Plant Modelling & Control
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One of my research projects…
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CONPHIRMER Project

Question: how to 

quickly tell whether a 

medicine is fake?
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NMR vs. NQR
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NQR Signal
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NQR Signal Modeling & Detection

ES544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 18



ES544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES
19

Introductions …

• Me

• You

• The Course
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The Course …

• Why study random processes?

• Where can I apply what I learn?

• How is the course conducted and assessed?
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The Course …

• Why study random processes?

• Where can I apply what I learn?

• How is the course conducted and assessed?
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The Course …

• Why study random processes?

• Where can I apply what I learn?

• How is the course conducted and assessed?

Basically, wherever you would like to (or 
would benefit from) including uncertainty 
or variations in your mathematical model.
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Communications
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Bio-Medicine
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Finance
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Chemistry
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Or, just use it to prove existence of atoms…
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Or, just use it to prove existence of atoms…
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The Course …

• Why study random processes?

• Where can I apply what I learn?

• How is the course conducted and assessed?
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Important Business!!

• 80% attendance is mandatory!

• Textbooks
• Lindgren, G., Rootzen, H., Sandsten, M., Stationary Stochastic Processes for 

Scientists and Engineers, CRC Press, 2013

• Kobayashi, H., Mark, B., & Turin, W., Probability, Random Processes, and 
Statistical Analysis, Cambridge University Press, 2011.

• Contact
• naveed.butt@giki.edu.pk

• office: FES G-6
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Learning Plan

• Lectures
• Help discover and grasp new concepts

• Viva (Assignment-based)
• Help prepare/revise each week’s concepts
• Keep you from lagging behind in course

• Seminar
• Prepares for presentations and teaching

• Term Paper
• Helps practice independent research/review work
• Helps appreciate wider aspects of course content 

• Exams (Mid, Final)
• Help prepare entire course material

35%

20%

15%

5%

25%

Weightage

Final Mid Viva Seminar Term Paper
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Questions?? Thoughts??
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Spectra – the Ghosts in Your Data
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Q. Can we write processes/signals as 
sums of periodic functions 

(frequencies)?
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This is exactly what Fourier Transform 
does – it tries to write every signal as a 

sum of sinusoids.

Note: for the time being we will focus 
on deterministic processes.



Q. Can we write processes as sums of 
periodic functions (frequencies)?
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Baking a Fourier Cake
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• Given: Signal shape (time-domain)
• Ingredients: Sinusoids of different frequencies
• Choose: How much of the each ingredient (sinusoid) to use?
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• In Fourier Transform, we want to look at signals in terms of a fixed set 
of ingredients
• Ingredients : Sinusoids of different frequencies

=



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 12

• In Fourier Transform, we want to look at signals in terms of a fixed set 
of ingredients
• Ingredients : Sinusoids of different frequencies

=

Ingredient
(sinusoid frequency)

Amount 
(scaling)

Process

f1 1 Add all

f2 0.5

f3 0.25
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• How is this shown after Fourier transform?

Ingredient
(sinusoid frequency)

Amount 
(scaling)

Process

5 Hz 1 Add all

10 Hz 0.5

15 Hz 0.25

Scaling

Frequency (Hz)

5 10 15

1

0.5

0.25
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• We mostly skip the middle steps

Scaling

Frequency (Hz)

5 10 15

1

0.5

0.25

Fourier Transform

Inverse
Fourier Transform

Time

A
m

p
lit

u
d

e
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Fourier 
Transform = ?
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Some Fourier Transforms (Visual)

As frequencies increase, the FT peaks move outwards 



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 17



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 18



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 19



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 20



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 21



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 22



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 23



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 24



Q. Is it always possible to write signals as 
sums of sinusoids?
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Q. Is it always possible to write signals as 
sums of sinusoids?

ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 26

• No. There are theoretical signals that do not have a 
Fourier Transform (e.g., 𝑒−𝑎𝑡𝑢(𝑡) with 𝑎 < 0).

• However, all physically realizable signals have Fourier 
Transforms.



Q. Why Use Periodic Functions (frequencies)?
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A large number of physical 
phenomena have underlying 
periodicities (frequencies)…
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Q. Why Sinusoids?
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Why not other types of periodic 
functions?



Q. Why Sinusoids?
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• Smooth (analytically simpler, e.g., differentiable, integrable…)

• Nicely reflect behavior of natural phenomena (to-and-fro motions)

• Sinusoids are Eigen-functions of linear time-invariant operators 
(which helps simplify computations)



Q. Why Sinusoids?
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In fact, Fourier Transform does not 
use just sinusoids, it uses complex 

sinusoids!!!
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Why?
• More general than real sinusoids
• More elegant analytically and in calculations



A Sine and a Cosine Walk Into an 
Imaginary Bar…
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And what exactly was a complex sinusoid?



The Complex Sinusoid - 𝑒𝑗𝜔𝑡
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cos 𝜔𝑡

sin 𝜔𝑡



The Complex Sinusoid - 𝑒𝑗𝜔𝑡
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cos 𝜔𝑡 + 𝑗 sin 𝜔𝑡



The Complex Sinusoid - 𝑒𝑗𝜔𝑡
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= cos 𝜔𝑡 + 𝑗 sin 𝜔𝑡



Mathematically Speaking…
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Mathematically Speaking…
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FT – Pairs and Rules-of-Thumb
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Some Fourier Transforms (Visual)

Not changing 
(frequency = 0)

0
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Rule1: As frequency increases, the FT peaks move outwards 



ES 544 - Random Processes / Dr. Naveed R. Butt @ GIKI - FES 46

Rule 2: Damping causes spread
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Rule 3: Sharp changes (edges) require a lot of frequencies
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Rule 3: Sharp changes (edges) require a lot of frequencies

… and an extremely sharp change 
(impulse) requires ALL the frequencies!!
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Rule 4: Periodic functions 
have discrete spectra. 
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Rule 5: Multiple effects 
can be combined.
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Rule 6: Duality
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Questions?? Thoughts??
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